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Epidermal keratinocytes form a cornified cell enve-
lope (CE) beneath the plasma membrane during the 
late stages of differentiation. This CE is stabilized by 
cross linking of several precursor proteins, including 
involucrin. In psoriasis, the expression pattern of the 
precursor proteins is known to be deranged; involu-
crin expression is increased and loricrin expression is 
decreased. However, these changes hav e not been 
previously evaluated ultrastructurally. In the present 
study, we performed light and electron microscopic 
immunohistochemistry in conjunction with conven-
tional transmission electron microscopy to assess the 
nature of involucrin involvement in normal and pso-
riatic CEo In normal epidermis, CEs were observed 
from the deepest cornified cells o r, when present, 
from the transitional cells , increasing in thickness 
he cornified cell envelope (CE) is a highly insoluble 
structure that is formed beneath the plasma mem-
brane during the terminal differentiation of keratino-
cytes [1-3] . Normally, it is 10 - 16 nm in thickness 
[4,5] and is stabilized by the cross linking of various 
proteins, including involucrin, loricrin, and small proline-rich 
proteins (or cornifin or pancomulin) [1-3]. Calcium-dependent 
transglutaminase(s) is responsible for the formation of y-glutamyl-
E-Iysine isopeptide bonds between these molecules (for a review, 
see [1]). It has been suggested that the CE forms as a result of 
sequential assembly processes involving the specific precursor 
proteins at different times [6]. 
Psoriatic epidermis is characterized by increased keratinocyte pro-
liferation and defective keratinization, which includes altered forma-
tion of the CE. Previous ultrastructural assessments of plasma mem-
branes and CEs in psoriasis have reported thin, incomplete, or poorly 
prominent membranous structures [7-9], but have given little specific 
information about keratinocyte terminal differentiation in psoriasis. 
Apart from the different morphology [10], psoriatic CE shows a 
markedly different biochemical composition compared to normal 
CE [11]. The former is relatively close to that of involucrin, 
whereas the latter is closer to that of loricrin . Although both 
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and changing electron densities with maturation. In 
psoriatic epidermis, CE formation started earlier, one 
to several cells below the cornified layer. Psoriatic 
CEs were generally thinner and showed a constant 
high electron density. Immunoelectron microscopy 
revealed that the normal CE was involucrin positive 
only at a very early stage, whereas psoriatic CE 
showed persistent involucrin immunoreactivity. 
These results suggest that in normal skin, involucrin 
is the major constituent of the CE only in its early 
st ages of assembly . In contrast, CE formation seems 
to be initiated prematurely in psoriatic skin, where 
involucrin remains the major constituent of the CE 
during maturation. K ey words: keratinocyteslimmunoelec-
tron microscopy/keratinization/skin. J Invest D ermatol 104: 
391- 395, 1995 
involucrin and membrane-bound transglutaminase, which is re-
sponsible for the initial CE assembly, are expressed precociously in 
psoriasis [12-15], it remains to be determined whether the forma-
tion of the CE itself is actually premature, because the assembly 
process of CE in psoriatic epidermis has not been evaluated with 
respect to the ultrastructural localization of the involucrin. To 
address this question, we performed light and electron microscopic 
immunohistochemistry and conventional transmission electron mi-
croscopy on involucrin in normal and psoriatic skin. 
MATERIALS AND METHODS 
Skin samples were taken from the center of typical chronic psoriatic plaque 
lesions on the foreann, shin, knee, or lumbar area from five patients (2 men 
and 3 women, ages 57 to 77 years) under local anesthesia after infonned 
consent. No topical treatment had been applied for at least 1 week before 
the skin biopsy, and no patients were receiving oral retinoids or other 
systemic therapy. Control samples, consisting of nonnal human skin from 
the neck, chest, and thigh, were obtained during surgical operations for 
benign skin tumors. 
For transmission electron microscopy, small pieces of skin were fixed in 
5% glutaraldehyde in 0.08 M cacodylate buffer, pH 7.4, or in half-strength 
Karnovsky fixative [16] , followed by further fixation in 1% osmium 
tetroxide in distilled water. After en bloc staining with uranyl acetate, the 
specimens were dehydrated in ethanol and embedded in Araldite (Oken, 
Tokyo, Japan) or Epon 812 (Taab, Berkshire, UK). Ultrathin sections were 
stained with uranyl acetate and lead citrate. 
For light microscopic observation, 6-l-tm cryostat sections of snap-frozen 
samples were air-dried and fixed in acetone at 4°C for 10 min. Mter 
preincubation with 1% bovine serum albumin, 5% nonnal goat serum, and 
0.1 % gelatin in phosphate-buffered saline, pH 7.4, for 15 min at room 
temperature, the sections were incubated with one of two rabbit polyclonal 
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anti-involucrin antibodies-BT601 (Biomedial Technologies, Stoughton, 
MA) or DHl (a generous gift from Dr. F.M. Watt, ICRF, London)-for 1 h 
at 37°C. After washing, the sections were incubated further with 1 run 
colloidal-gold-conjugated secondary antisera (Arnersham International, 
Arnersham, UK) for 1 h at 37°C. Subsequently, the immunogold particles 
were enhanced using a silver staining kit (Arnersham International). Sec-
tions were then stained briefly with methyl green for orientation. 
For post-embedding immunoelectron microscopy, tissues were fixed in 
1 % glutaraldehyde and 0.2% picric acid in phosphate-buffered saline, pH 
7.4 , for 3 h, dehydrated with ethanol, and embedded in LR White resin 
(The London Resin , Hampshire, UK). Ultrathin sections were cut and 
pre-incubated in the blocking buffer as described above, followed by 
incubation with one of the primary anti-involucrin antibodies. Mter wash-
ing, the sections were incubated with 100m colloidal-gold-conjugated 
secondary sera (Arnersham International). The sections were then stained 
with uranyl acetate for contrast. For control studies, normal rabbit serum 
was used instead of the primary antibodies . 
RESULTS 
Electron Microscopy Ultrastructural examination of normal 
CE demonstrated gradual morphologic changes. CEs were usually 
observed from the deepest cornified cells. In these cells, the CEs 
were about 15-20 nm in thickness (Fig 1a). Rarely, some transi-
tional cells were present between the granular and the cornified 
cells. In these transitional cells, the morphologic features of the CEs 
were different, appearing thinner (about 10 nm in thickness) and of 
higher electron density than the CEs of the overlying cornified 
cells. The electron density of the normal CEs within cornified cells 
became higher again in the middle horny layer (Fig 1b). 
In contrast, in the psoriatic epidermis, CE formation was ob-
served from the upper or middle epidermal, living (spinous) cell 
layers (Figs 2 and 3). These keratinocytes possessed morphologi-
cally normal-looking nuclei and intact cell organelles such as 
mitochondria and rough endoplasmic reticulum. The CE in these 
cells was about 10 nm in thickness and electron dense. The same 
observations were made in the cornified cell layers. The changes 
were most apparent in psoriatic lesions showing parakeratosis with 
absent granular layers. 
Immunohistochemistry Immunohistochemistry revealed dis-
tinct distribution patterns of involucrin in normal and psoriatic 
Figure 1. CEs in normal skin. a) Lower and b) mid-stratum corneum. 
Note that the CE of a transitional cell (a , small arroUls) is thinner and more 
electron den e than the corresponding CE of overlying cornified cells (a, 
large arrolVs). In the mid-stratum corneum, the CEs become electron dense 
again (b, arrolVs). C, cornified cells; T , transitional cell. Bar, 0.1 /-Lm. 
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Figure 2. CEs in psoriatic skin. a) Relatively gradual cytologic changes 
from a nucleated living keratinocyte (bottom) to a cornified cell (top). The 
area depicted by an asterisk is shown at higher magnification in (b). b) CEs 
(large arrows) are thicker than the plasma membrane without CEs (small 
arrows), although the former is still thinner than the CEs in cornified cells of 
normal skin (compare with Fig 1). n, nucleus. Bars, a, 1 /-Lm; b, 0.1 /-Lm. 
epidermis. In normal skin, involucrin staining was mostly confined 
to the granular cell layer (Fig 4a). In psoriatic skin, involucrin 
labeling was greater, extending from the mid spinous layer of the 
epidermis to the cornified cell layer (Fig 4b,c). In the psoriatic 
cornified cells, involucrin staining was prominent within the pe-
ripheral part of the cells. This observation was not made in normal 
skin. 
Itnmunoelectron Microscopy Immunoelectron microscopy 
also demonstrated differences in involucrin distribution in normal 
and psoriatic epidermis. In normal epidermis, involucrin staining 
was seen diffusely within the cytoplasm of granular cells and lower 
cornified cells (Fig Sa). CE-associated involucrin labeling was 
observed only occasionally in the deepest cornified cells or in the 
transitional cells. In psoriatic epidermis, diffuse intracellular and 
CE-associated involucrin labeling was seen in the living cell layers 
(Fig Sb). In the cornified cells, involucrin staining was confined to 
the CEs, and intracellular staining was rare (Fig 5c,d). 
DISCUSSION 
Although involucrin has been reasoned to be the main constituent 
of the CE in cultured keratinocytes [17], its function in normal in 
vivo epidermal keratinization is less clear. The amino acid compo-
sition of the normal CE is markedly different from that of involu-
erin, but is close to that of loricrin [3]. Indeed, the present and 
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Figure 3. Psoriatic CEs demonstrating a lack of maturation. Two 
areas marked with circles (a, top and bottom) are enlarged in b and c, 
respectively. Psoriatic CEs remain electron dense and thinner than normal 
CEs (see Fig 1) . n, nucleus. Bars: a, 1 IJ.-m; b,c, 0.1 IJ.-m. 
previous immunoelectron microscopic studies [18-20] did not 
show intense involucrin labeling in the normal CE, whereas 
significant involucrin labeling was detected in the cytoplasm (Fig 
Sa and see [18,19]). 
In the present study, the normal CE changed its involucrin 
immunoreactivity with maturation. CEs were involucrin immuno-
reactive only in the transitional cells or, rarely, in the deepest 
cornified cells. The CE of the more superficial cells lacked involu-
crin staining. This can be explained by masking of involucrin 
antibodies by other cross-linked CE-associated proteins, such as 
loricrin. In fact, heavy loricrin labeling on the normal CE has been 
reported [21]. Lo ricrin , the major constituent of the normal CE, is 
known to be expressed later than involucrin in keratinocyte 
maturation [22,23]. 
In our study, the ultrastructural changes of the CE correlated 
well with the involucrin staining pattern. The immature , thin CE 
with high electron density observed in the transitional cells by 
conventional electron microscopy corresponded to the involucrin-
positive CE observed by immunoelectron microscopy. Because 
such transitional cells are observed infrequently in the normal 
human epidermis, maturation from the involucrin-positive CE to 
the involucrin-negative CE is rarely appreciated. Nevertheless, the 
presence of such sequential morphologic and immunocytochemical 
changes, as seen in these occasional transitional cells, suggests an 
ordered assembly process of the normal CE, which predominantly 
involves involucrin in its very early stage. 
The present study also demonstrates unequivocally the preco-
cious CE formation in psoriasis, in which the ultrastructurally 
appreciable CE was observed from the living cell layers. Similar CE 
formation in living cell layers was reported previously in mucous 
membranes such as the tongue, oral mucosa, and lip [5,24-27]. 
Whereas the normal CE became thicker and changed electron 
density during maturation (Fig 1) [4,28], the psoriatic CE remained 
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Figure 4. Involucrin (DH1 antibody) staining in normal and pso-
riatic epidermis. a) Normal skin (from the chest) shows involucrin 
staining in the stratum granulosum. b) In psoriatic epidermis, there is 
positive labeling extending from the mid-epidermis to the stratum corneum, 
shown at higher magnification in c. c) Note the peripheral staining (arrows) 
in the psoriatic cornified cells. Dotted lines, dermal-epidermal junctions. Bars, 
20 IJ.-m. 
thin and of constant electron density. Furthermore, the involucrin 
immunoreactivity remained positive in psoriatic CEo This may be 
related to a decreased expression of loricrin in psoriasis [29], 
because the CE of other epithelia that lack loricrin, such as lip 
mucosa, also remains involucrin positive during its maturation (our 
unpublished observations). 
In psoriatic cornified cells, virtually all the involucrin labeling 
was associated with CEs, whereas normal cornified cells showed 
substantial intracellular labeling. Thus, involucrin seems not to be 
incorporated fully into the CE of the normal skin. It remains to be 
determined whether the non-CE-associated involucrin molecules 
have some other function within the stratum corneum. 
Eckert et al [6] proposed a two-step model for the assembly of 
normal CEo In phase 1, the process is dependent on the membrane-
bound transglutaminase, and there is deposition of soluble precur-
sors including involucrin and small proline-rich proteins. In phase 
2, which depends on both the membrane-bound and soluble 
transglutaminases, there is deposition of insoluble precursors such 
as loricrin. The sequential changes of involucrin immunoreactivity 
in normal CE demonstrated in the present study fit well with this 
model. In contrast, CE formation in psoriasis seems to remain in 
Eckert's phase 1, whereby CE formation is initiated precociously in 
the living nucleated cells. A clear explanation for the premature CE 
formation in psoriasis is still lacking. Increased calcium concentra-
tion in psoriatic suprabasal epidermis [30] and/or protein kinase C 
activation [31 ,32] might be relevant, because both involucrin and 
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Figure 5. Immunoelectron microscopy using an anti-involucrin (DH1) antibody in normal and psoriatic epidermis. a) In normal skin (from 
the neck), diffuse involucrin labeling is seen intracellularly from the granular cells (G) to the lower cornified cells (level 2). Labeling is greatly reduced in the 
more superficial cells (levels 3,4). In a transitional cell or early cornified cell (level 1), there is some labeling associated with CEs (arrowheads). b) In psoriatic 
skin, there is both cytoplasmic and CE-associated involucrin labeling (arrowheads) in the rnid-epidermallayer. c) Most of the involucrin staining is associated 
with CEs (arrowheads) in the psoriatic stratum corneum, shown at higher magnification in d. d, desmosome. Bars, 0.1 f..Lm. 
the membrane-bound transglutaminase (a calcium-dependent en-
zyme) are induced by tumor-promoting phorbol esters in a manner 
dependent on protein kinase C [33,34]. 
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